INTRODUCTION
Surgery is recognised as one of the most frequent causes of chronic pain in patients attending pain clinics. A survey of over 5000 patients found that the largest group, 34.2%, had pain from degenerative disease, but the second largest group, 22.5%, had developed chronic pain following surgery. 1 Usually defined as pain persisting for more than 3 months after surgery, chronic pain is a recognised complication of many common procedures (table 1) and is the most serious long-term complication following inguinal hernia repair. 2 Chronic pain has a significant impact on the quality of life and daily activities of sufferers. There is also a significant cost to society in terms of subsequent healthcare costs and social support systems. 3 This paper will explore the pathophysiological mechanisms that contribute to chronic postsurgical pain (CPSP), and the surgical and psychological risk factors that have been identified. Surgical and pharmacological strategies to reduce the development of CPSP will also be discussed. We will also consider how psychosocial factors influence the development and maintenance of chronic pain and the relevance of this to CPSP.
PATHOPHYSIOLOGY
The trauma and inflammation that occurs from cutting and handling tissues during surgery activates nociceptors. Nociceptive stimuli are transduced into electrical impulses that are carried to the spinal cord via primary afferent Aδ and C fibres. Primary afferent neurones synapse with secondary afferent neurones in the dorsal horn of the spinal cord and carry impulses to higher centres via the contralateral spinothalamic and spinoreticular pathways, the two main ascending pain pathways. There are multiple further projections to the cerebral cortex and other higher centres. Central processing of impulses leads to the experience of pain. The complex pathways of nociceptive transmission are well described 5 (figure 1). Inflammatory pain occurs because sensitising, inflammatory mediators including cytokines, bradykinin and prostaglandins are released from injured and inflammatory cells at the site of tissue damage. Nociceptors demonstrate reversible plasticity in response to inflammatory mediators. The activation threshold of nociceptors is lowered, resulting in enhanced pain sensitivity at the site of tissue injury (peripheral sensitisation). 6 Non-steroidal antiinflammatory drugs inhibit the production of prostaglandin E2 via locally induced cyclooxygenase-2 enzymes and hence reduce peripheral sensitisation and pain. 6 This type of inflammatory pain, secondary to local excitability, usually subsides once the source of the mediators subsides, as tissue healing occurs or the disease process is controlled. 7 Heightened pain sensitivity can contribute to healing by helping to protect the damaged body part until repair has occurred. 6 The central nervous system also demonstrates plasticity in response to pain, and pain signalling within the spinal cord can be enhanced. With ongoing nociceptive input, the stimulus-response relationship is altered and an increase in excitability of neurones in the central nervous system may occur, known as central sensitisation. Clinically this manifests as an increased response to painful stimuli (hyperalgesia), and pain secondary to normally non-painful tactile stimuli (allodynia). Wind-up, long-term potentiation and secondary hyperalgesia are all processes associated with central sensitisation. Wind-up occurs with repeated activation of C fibres and is due to the action of glutamate at NMDA (N-methyl-D-aspartate) receptors. Under normal conditions, a magnesium ion blocks the NMDA receptor. With ongoing painful stimuli, the magnesium block is removed and the response of second-order neurones to painful stimuli is amplified. This explains why NMDA receptor antagonists, such as ketamine, are useful in attenuating or blocking wind-up. 10 The response of second-order neurones may outlast the initial stimulus and this is known as long-term potentiation, contributing to hyperalgesia. A lowering of the pain threshold outside of the area of inflammation (secondary hyperalgesia) occurs because of increased activation of second-order neurones in the dorsal horn of the spinal cord.
Nerve damage plays a role in CPSP. Following nerve injury, spontaneous ectopic discharges from injured nerves and nearby uninjured nerves lead to spontaneous pain. 11 The increased nociceptive input in to the dorsal horn contributes to central sensitisation. 12 A loss of inhibitory interneurons in the dorsal horn results in a disinhibition of pain pathways and facilitation of pain transmission. 13 The process of central sensitisation is thought to be important for the development of persistent pain; 14 hence, surgical techniques and pharmacological interventions to minimise central sensitisation are of great interest.
RISK FACTORS
Risk factors have been identified for the development of CPSP (table 2) . Some of these, such as genetic predisposition and gender, are not modifiable; however, it may be possible to reduce the risk by giving consideration to surgical approach, pain management and psychological predisposition.
SURGICAL RISK FACTORS AND PREVENTION
Surgical technique is a recognised risk factor in CPSP, 15 16 and it is likely that intraoperative nerve injury plays a role. 7 Many of the operations associated with the development of chronic pain involve major nerves in the surgical field, for example, breast (intercostobrachial nerve) and thoracic surgery (intercostal nerves). Intraoperative nerve injury should be minimised to reduce the development of chronic pain. 7 17 Laparoscopic surgery may reduce the risk of intraoperative nerve damage. For example, there is evidence for a lower incidence of persistent pain following laparoscopic hernia repair. 2 Women who undergo breast cancer surgery in a high-volume unit by experienced surgeons are also less likely to experience chronic pain, and this is thought to be due to surgical technique and less nerve damage. 16 Many operations do not involve transection of nerve trunks, but nerve injury may occur by stretching or crushing of nerves during tissue retraction or in cutting skin, viscera, fascia, muscles and joints, all of which are innervated by sensory nerves. 17 However, it is apparent that factors other than nerve injury are an important cause of chronic pain. Intraoperative nerve transection does not always result in neuropathic pain, and avoiding nerve transection does not necessarily prevent chronic pain. 4 The duration of surgery influences the development of chronic pain, with operations lasting greater than 3 h associated with an increased risk. 18 This may be a reflection of complex pathology and the degree of intraoperative tissue damage.
While surgery is generally indicated or appropriate, there are situations where it is unnecessary and potentially unhelpful. The possibility of developing chronic pain after surgery should be considered with the indications for surgery. Chronic pain is a recognised problem after cosmetic breast augmentation, and patients should be fully informed of the risk. 19 Careful surgical consideration should be given to patients with abdominal pain and visceral hyperalgesia syndromes, with no cause for pain found despite multiple investigations. Surgeons may feel pressure to investigate surgically, which can lead to a cycle of repeat laparoscopies and laparotomies, and worsening pain. 4 
REGIONAL ANAESTHETIC AND ANALGESIC CONSIDERATIONS
Considering the pathophysiological mechanisms proposed to contribute to chronic pain, it would seem logical that good perioperative pain control should have a long-term benefit by reducing central sensitisation.
Regional anaesthesia
Regional anaesthetic techniques use local anaesthetics to block the conduction of impulses along nerves. By minimising the transmission of signals to or within the spinal cord, it may be possible to prevent the barrage of nociceptive inputs into the dorsal horn and hence prevent central sensitisation. Spinal and epidural techniques act on the nerve roots while peripheral nerve blocks, plexus blocks and wound infiltration interrupt impulses in peripheral nerves. A recent Cochrane review found epidural analgesia for thoracotomy to be beneficial in reducing the risk of chronic pain at 6 months, and for paravertebral blocks in reducing chronic pain following breast cancer surgery at 5-6 months. 20 Spinal anaesthesia has also been shown to be beneficial relative to general anaesthesia in reducing the risk of chronic pain after caesarean section. 21 Limb amputation is associated with a high risk of chronic pain. Nerve injury is unavoidable; however, perioperative epidural analgesia reduces the incidence of severe phantom limb pain. 5 Although there is some evidence for the benefit of regional anaesthetic techniques in reducing persistent pain after surgery, it is not clear-cut for all procedures.
Pre-emptive and preventive analgesia
The optimal timing and mode of perioperative regional and systemic analgesia is much debated. Pre-emptive analgesia is delivered prior to skin incision. Pre-emptive epidural analgesia has a significant benefit on postoperative pain; 5 however, the benefit other types of analgesia provided pre-emptively is not so clear. 22 Preventive analgesia describes an analgesic treatment that outlasts its expected duration. It may be important in minimising chronic pain after surgery through a reduction in central sensitisation. It is thought that for an analgesic regimen to be effective in preventing sensitisation of the nervous system it should act over the period of time during which there is an inflammatory stimulus, not just at skin incision, but into the postoperative period. 22 There is level I evidence that perioperative NMDA receptor antagonists show preventive analgesic affects, and this is thought to be due to their action in preventing central sensitisation. 10 
Ketamine
Ketamine is an NMDA receptor antagonist, and it is via this mechanism that it prevents NMDA receptor-mediated wind-up. It also acts as an analgesic via activation of descending inhibitory monoaminergic pain pathways and prevents opioid-induced hyperalgesia (a paradoxical increased sensitivity to painful stimuli in a patient receiving opioids) and acute opioid tolerance. Ketamine is rarely used as sole anaesthetic due to psychotomimetic adverse effects, but it can be a very useful adjuvant drug in patients requiring high levels of opioids. It potentiates opioid analgesia, improves pain control and reduces opioid-related side effects. 23 It has been administered as a single low-dose bolus (0.15-0.5 mg/kg) or low-dose bolus followed by low-dose infusion (2 to 4 mcg/kg/min) in opioid-naïve patients undergoing a variety of surgeries. Most studies show a reduction in postoperative opioid requirements and pain that is most prominent in the first 24 h, 24 although a long-term benefit has been shown in some studies. 25 Perioperative epidural analgesia combined with intravenous ketamine reduces hyperalgesia and chronic pain after colonic surgery compared with intravenous analgesia alone. 26 
Gabapentinoids
Gabapentin was initially introduced as an anticonvulsant in the 1990s. Subsequent trials showed it to be beneficial in the treatment of neuropathic pain. 27 It acts at the α-2-δ subunit of presynaptic calcium channels, inhibiting calcium influx and subsequent release of excitatory neurotransmitters in the pain pathways. 28 Pregabalin is structurally similar to gabapentin. It has greater analgesic potency and a more favourable pharmacokinetic profile relative to gabapentin.
There is evidence from randomised controlled trials supporting the use of pre-emptive gabapentin in reducing acute postoperative pain. 29 30 A systematic review and meta-analysis on the development of CPSP after perioperative gabapentin and pregabalin has recently been published. A positive effect of gabapentin was found in four out of eight studies. Among the six gabapentin trials that could be included in the meta-analysis, gabapentin caused a moderate-to-large reduction in the development of CPSP. 31 All three studies included in the systematic review of the effects of pregabalin on CPSP showed significant preventive analgesic effects. Four of the six studies that analysed long-term functional outcomes found benefits of gabapentin and pregabalin. This analysis provides evidence that the reduction in CPSP may be linked to perioperative administration of these medications. However, there were a limited number of studies in this review, and this, along with the suggestion that publication bias may be present, means that future well-designed studies are needed to clarify whether gabapentin and pregabalin have a perioperative role in the prevention of CPSP.
Intravenous lignocaine
A meta-analysis of intraoperative intravenous lignocaine found a reduction in acute postoperative pain, with those undergoing abdominal surgery demonstrating the greatest benefit. 32 Systemic local anaesthetics have also been found to have antihyperalgesic effects that last for days after surgery, long after the local anaesthetic action of the drug. The mechanism of action is not fully understood and cannot be explained by blockade of sodium channels. 33 However, these findings suggest that lignocaine may have a role in preventing central sensitisation and hence as a preventive analgesic.
PSYCHOSOCIAL FACTORS
The experience of pain is more than the detection of noxious stimuli transmitted to the central nervous system. Pain perception is influenced by mood, memories, expectation and social environment and so psychosocial factors should be considered alongside pain assessment and management.
The fear-avoidance model, thought to be important in the initiation and maintenance of chronic pain, demonstrates the importance of psychological factors in chronic pain (figure 2). In this model, a person believes that pain signals danger or harm. Fear of pain leads to avoidance of activities that may induce or exacerbate pain. Fear-avoidance behaviour may ultimately lead to disuse and disability, 34 and a fear of pain has actually been found to better predict disability than the pain itself. 35 Individuals who 'catastrophise' are more likely to enter into this cycle of fear-avoidance behaviour. Catastrophising can be described as an almost immediate habitual negative appraisal of a situation. 36 A person might believe, for example, that if they bend their back then it will break and they will become wheelchair users. The relationship between the experience of pain and behavioural activity is mediated by expectation of pain and the anticipation of catastrophic consequences if certain activities are carried out. 37 Anticipation of pain should be a helpful, adaptive response leading to modification of behaviour to avoid pain. However, it can become maladaptive in the chronic pain setting. Neuroimaging studies examining how anticipation and anxiety can heighten pain perception have revealed certain regions to be important in amplifying the pain experience. These regions include the entorhinal complex, amygdalae, anterior insular and prefrontal cortices. 38 Psychological factors play a significant role in both acute and chronic back pain, and in the transition from acute to chronic pain. Psychosocial factors have in fact been found to have a greater impact than biomedical or biomechanical factors on back pain disability. 40 Psychological factors are also known to influence acute postoperative pain, for example, Katz et al found a correlation between preoperative anxiety and acute postoperative pain in women undergoing breast cancer surgery. 41 There is less in the literature concerning the role of psychosocial factors in pain persisting after surgery, although psychological vulnerability (eg, catastrophising), anxiety, depression, neuroticism and late return to work have all been found to be risk factors. 5 42 Patients with a fear of the long-term consequences of surgery are also at increased risk of long-term pain and poor recovery. 43 Making sense of pain, what it may mean and what it does not mean are essential for effective coping. 36 Pre-emptive cognitive and behavioural interventions decrease anxiety before and after surgery, reduce postoperative pain intensity and analgesic use. 44 A study by Egbert et al nearly 50 years ago demonstrated a reduction in morphine requirements and length of stay when patients were provided with preoperative information about likely postoperative treatments and discomfort and instruction on relaxation techniques. 45 When patients are given information about what they should expect to feel, in addition to procedural information, they experience less pain and distress compared with either type of information given alone. 46 Relating this back to the fear-avoidance model we can see that information can provide reassurance that the sensations experienced after a procedure are normal and non-threatening. For example, following a total knee replacement, patients are encouraged to mobilise within hours of surgery. This may be uncomfortable, but it is important that patients are reassured that pain does not equal damage, that it is normal to experience some discomfort and it does not mean that they are jeopardising their operation or that something is wrong.
Educating patients and their carers about pain encourages a more positive attitude to pain relief 5 and where possible we should try to involve patients in their pain management strategy. 36 Through active involvement patients develop a greater sense of self-efficacy regarding treatment and disease-related behaviours and may be more likely to follow through on management decisions reached. 47 Patients who respond passively to pain show greater distress and disability compared with those who attempt to solve the problem. Taking some control over the cause of pain or the method of analgesia has a beneficial effect. 36 Social relationships can also influence pain reporting and disability. A study of chronic back pain patients found that when a partner is present who is attentive and likely to help them to avoid activities that may exacerbate pain then a patient is likely to report more pain and underperform on tasks. The expressions of pain are reinforced by the partner who acts to alleviate the patient's behavioural activity, and this is reflected in the increased level of pain. 37 Managing expectation is recognised as an important component of enhanced recovery programmes. Carefully presented information from surgeons, anaesthetists and nurses about the surgical procedure, anticipated sensory experiences, analgesic treatment and recovery period is expected to reduce anxiety and promote recovery. 48 By addressing these issues in the perioperative period, it may be that we can also reduce the progression to persistent pain and disability in those at risk.
CONCLUSION
By understanding the physiological processes that contribute to persistent pain, we can use therapeutic interventions to minimise the progression from acute to chronic pain. An awareness of the risk factors for CPSP may help to identify those at high risk and target interventions accordingly. The impact of psychological factors on the pain experience should always be considered, and a collaborative approach involving patients in their treatment decisions is recommended for patients to experience the best outcome. 
Current research questions
▸ What are the genetic factors that predispose individuals to chronic postsurgical pain? ▸ Why do some patients with intraoperative nerve damage develop chronic postsurgical pain whereas others do not? ▸ Is it possible to identify patients with psychological risk factors for chronic postsurgical pain preoperatively and modify their risk?
